There was a light damaged office building, which was designed before establishing the new seismic design code, in seismic intensity VII area at the 1995 Hyogo-Ken Nanbu earthquake. According to our study, it seemed that uplift of base reduced the structural damage. So, it is important to understand an effect of uplift on earthquake response. In this paper, the effect of uplift on earthquake response of building was studied by nonlinear earthquake response analysis considering several types of structural characteristics. A simple formula for the condition of uplift was also studied. Analytical models consisted of one span and eleven stories frame and the frame with shear wall. As a result of nonlinear earthquake response analysis considering uplift, the frame with wall tended to cause uplift more than pure frame. Maximum shear force of the frame with wall was about half compare to that of the pure frame. Effects of structural characteristics (distance between supports, support stiffness, building stiffness) were also examined. The uplift occurred easily in case of narrow support and decreased to half base shearing force. The base shearing force varied according to stiffness of support and natural period of structure. Studies were also performed on the condition of uplift of structure through numerical analyses, in which aspect ratio, building stiffness and support stiffness were selected as main parameters using multi-mass model. Based on the analytical results, a simple formula for the condition of uplift was derived as a function of acceleration response spectrum value. It was found that the formula agreed well to the analytical results.
INTRODUCTION
The building, which had been designed by an old aseismic designing method, suffered small damage in region of the seismic intensity VII for 1995 Hyogo-Ken Nanbu earthquake. This building had no basement, a spread foundation and the aspect ratio was about three. The seismic wave at the building was presumed, and the result of 3-D nonlinear seismic response analysis using a model in which uplift of base was restrained showed damage which was far bigger than real damage. On the other hand, the damage level of the uplift model became small as same as real damage. This suggests that uplift decreases damage of building, that is, decrease seismic force. There are two examples besides this to point out the possibility that uplift decreases damage of the building. One is a hospital due to 1971 San Fernando earthquake and the other is an office building due to 1995 Hyogo-Ken Nanbu earthquake.
Uplift during earthquake is one of the important problem in structural design when the aspect ratio is large. It is useful in the future for the design of the superstructure and a foundation to understand the influence which uplift gives to the building response. In this paper, first of all, the overturning condition and the uplift condition were examined. Next, the nonlinear seismic response analysis was executed by using 2-D frame model, and the influence, that uplift gave to the earthquake response in the building, was examined.
OVERTURNING CONDITION
The important problem of the building when uplift is allowed is a overturning for the earthquake and the wind. As for a theoretical study concerning the overturning problem of the object, the review which ISHIYAMA did in 1980 becomes reference. It was pointed out that the overturning condition of the solid body like Figure 1 should consider not only acceleration but also velocity, displacement and the input wave cycle. For instance, the condition concerning the velocity by Mallet is shown as Eq. (1). (1) where, V: velocity , g: gravity acceleration, r: half of diagonal length of solid body α: angle between the vertical line and the line from the base edge to the center of gravity Figure 2 shows the overturning limit velocity by the Eq. (1). At any aspect ratio the larger the width of the building is, the larger the overturning limit velocity is. The limit velocity becomes small for large aspect ratio in case of the same width of the building. As the limit velocity is about 240kine in case of aspect ratio 6 and 5m in width of the building, it is not thought that the building overturn by the large earthquake usually thought. 
where, A: ground acceleration, g: gravity acceleration, B: width of the building, H: height of the building.
For the general building, the magnitude of the rocking movement which influences uplift is related to not only the size of the earthquake motion but also the dynamic characteristic of the building and the ground. Therefore it is difficult to define by a explicit equation using these parameters ( Figure 3 ). Then, uplift occurring condition was examined by seismic response analysis which the building shape, the building stiffness and the ground stiffness were assumed to be a parameter.
Analytical Model
The analytical model was assumed to be a multi mass model of the bending and shearing type which could consider uplift shown in The weight of the each floor was assumed to be the same, which was 10tonf for each unit length of the depth of the building. The stiffness of each story was provided for the story drift to become specified value r at each floor for the Ai distribution story-shearing force of base shear coefficient 0.2.
The parameter were width of the building B, aspect ratio H/B, spring constant of the support Kp, and story drift specified value r. Table 1 shows the range of each parameter. Figure 5 shows the relation between aspect ratio and natural periods. When the width of the building was large, the natural period became long for the same aspect ratio. The natural period shortened by becoming small of the story drift specified value. The support stiffness did not influence a secondary natural period so much though influenced a primary natural period. Figure 6 shows from primary normal mode to third normal mode and the base rotation angle Θ of participation vector for a typical model. It was thought that the examination only had to pay attention to a primary normal mode for uplift of the base since the influence of a primary normal mode was superior for the base rotation for all case. El Centro 1940 NS, which was scaled for the maximum velocity 25cm/sec (255.4gal or less), was used for the input earthquake motion. Time history response analysis used the Newmark-β method, and used stiffness proportional damping of 3%. The rotation angle of the base was paid attention to as the response as shown in Figure 4 . That is, it was judged that uplift was caused when δmax of the maximum displacement of the base exceeded δo, where an initial subsidence by building self-weight W was expressed to be δo . It was assumed that all element except for support springs were linear. 
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RESULTS AND CONSIDERATION
Uplift of the building is influenced by the aspect ratio of the building and the stiffness of the ground. In addition, as the rocking motion, which rules uplift, is a dynamic phenomenon, uplift closely relates to the response characteristic of the building and spectral characteristics of the input earthquake motion. According to the results of eigenvalue analysis, the rotational motion of the base receives the influence of a primary normal mode of the building. Then, it was attempted to presume response δmax/δ0 by the rocking motion as the Eq. (3), by using the acceleration response spectrum value corresponding to a primary natural period of the building.
where, Sa(T1): acceleration response spectrum value at T=T1 Figure 7 shows the correspondence of the left side and the right side of the Eq. (3). There was somewhat variation but estimate value and the seismic response analysis result showed roughly good correspondence.
Correlation coefficient between δmax/δ0 and Sa(T1)/g*(H/B) was 0.970 and 0.976 for spring constant Kp=1000t/cm,3000t/cm in respectively. The relation, to which the least square is approximated δmax/δ0, is as follows. A further study is necessary to consider a physical meaning of the coefficient (lambda) .
Anyway, if the acceleration response spectrum value corresponding to primary natural period of the building was used as an index of uplift, Eq. (5) was obtained as uplift conditional equation.
(5) Figure 8 shows the relation between Sa(T1) and g/(H/B). The condition of Eq. (5) means uplift occurring in the region above the solid line in Figure 8 . It was shown that uplift caused at small acceleration when the aspect ratio was large. Moreover, circle symbol and x symbol of Figure 8 indicate the case caused uplift and the case not caused respectively in seismic response analysis. There were some tendencies undervalued in the region where the aspect ratio was large but the tendency was roughly caught. 
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RESPONSE ANALYSIS OF TWO DIMENSIONAL FRAME Analytical Model
It was studied that the effect of uplift to earthquake response of 2-D frame by the nonlinear seismic response analysis. The object of the analysis were the pure ramen which was one span and 11 floors and the ramen with shear wall in all floors as shown in Figure 9 . The aspect ratio was about eight. Table 2 shows the main section of beam and column. The thickness of the wall was assumed to be 20cm in all floors.
The support condition of the frame was assumed that the horizontal directions were restrained and the vertical direction was supported by the spring. The spring expressed the pail. Figure 10 shows the analytical models.
The natural periods of pure ramen model (F-CT) were 1.47 seconds for primary, 0.40 seconds for secondary. The natural periods of ramen with shear wall model (W-CT) were 1.05 seconds for primary, 0.18 seconds for secondary. Column and beam were modeled by the beam element with rigid-plasticity rotational spring at beam end and the wall was modeled by wall element of the bending and shearing type. The force-displacement relation of the beam element were normal trilinear for bending characteristics, normal bilinear for shear and axial characteristics.
The correlation of bending moment and axial force was considered in the column. The rigid floor assumption was used at the each floor in consideration of the slab. When uplift was considered, the support spring was compression stiffness 1582t/cm, tensile stiffness 0.01t/cm. When uplift was not considered, the support spring was same stiffness 1582t/cm for compression and tensile. The weight of the building was considered at the node as concentrated mass for the dead load of the member and the live load. After the self-weight analysis was done, the response analysis was executed for horizontal acceleration by the direct integral calculus. Damping was assumed to be a stiffness proportional type, and the damping constant was assumed to be 3% for a primary normal mode. JMA KOBE 1995 NS (818.0gal, 91.0kine) which was observed at Kobe Marine Observatories during 1995 Hyogo-ken Nanbu earthquake was used for the input earthquake motion. Figure 11 shows the timehistory of acceleration and the velocity response spectrum of the seismic wave. The influence, which the frame characteristic gave to uplift response, was studied by the nonlinear seismic response analysis which uplift was considered.
ANALYTICAL RESULTS
It was extent in the F-C model which uplift slightly but about 6cm uplift was caused in the W-C model. Figure 12 and Figure 13 show the maximum story-shearing force and the maximum story drift of the F-C model, the W-C model, and the W-CT model. The W-C model which uplift was caused became about 1/2 of W-CT models for the maximum story-shearing force. The F-C model and the W-CT model were almost the same for the maximum story drift, and the W-C model became small with about 1/2 of other models.
Effect of distance between the support points
To study how the uplift displacement changed depending on the distance between the support points about pure ramen, the F-C model and the F-C-N model were compared. Figure 14 shows the displacement time history and the maximum story-shearing force of the left support spring for both models. Uplift displacement was 0.03cm or less in the F-C model and 1.4cm or less in F-C-N model. The uplift tended to occur by the distance between support short for the same building. Maximum story-shearing force of the F-C-N model with large displacement of uplift decreased by about 20% every the third floor or more compared with the F-C model.
Effect of support stiffness
The support spring stiffness of the F-C-N model and the W-C model was changed and the response results were compared. Uplift was occurred for all cases with the W-C model and basic model (Kp=1582t/cm) of the F-C-N model. Figure 15 shows shearing force of the first story. When the support spring stiffness grew, the storyshearing force grew large. However, since the natural period changed, too, when the support spring stiffness was changed more study is necessary.
Effect of natural period
The same study as the effect by the support spring stiffness was executed about the effect of the natural period of the frame. The natural period has been adjusted by increasing and decreasing all mass at same rate.
Uplift was occurred for all cases of the W-C model and for basic model (T=1.4sec) and shorter period models than basic model of the F-C-N model. Figure 16 shows shearing force of the first story. Shearing force were minimized at the natural period of about 70% of basic model for both the W-C model and the F-C-N model. 
CONCLUSIONS
The following conclusions are derived by the above studies.
According to a theoretical study when the building was assumed to be a solid body, the overturning limit depended on not only the aspect ratio but also the width of the building. Therefore, it is thought to be no overturning of a building of the large aspect ratio (for instance, 5m in width and aspect ratio 9) for the large earthquake usually thought.
1. The presumptive condition of uplift is proposed, which is using the acceleration response spectrum value at a primary natural period of the building and the aspect ratio. Prediction of uplift by this condition corresponded roughly well to the results of the seismic response analysis using the multi mass model which the building shape, the building stiffness and the ground stiffness are considered.
2. Uplift occur easily in the frame with shear wall more than the pure ramen frame according to study by the nonlinear seismic response analysis.
3. There is the effect to decrease seismic force in uplift since the maximum story-shearing force decrease about 1/2 allowing uplift in the frame with shear wall.
4. The effects of the support stiffness at the base and the natural period of the building on the uplift response are studied by seismic response analysis. More studies are necessary to clarify the effect of the uplift in the future.
